Summary
Transregulation of the promoter within the 5' long terminal repeat (LTR) of the human immunodeficiency virus (HIV) provirus determines the level of replication of HIV in latently, persistently or acutely infected cells. To measure rapidly the degree of transactivation of the HIV-1 LTR by various cellular and viral effectors, stably transformed cell lines containing integrated copies of the HIV LTR promoter (-122 to +80, relative to the major mRNA cap site) linked to the Escherichia coli lacZ gene were prepared by co-selection for pSV2neomediated G418 resistance. One cell clone, RS 3/7, containing about 40 integrated copies of the recombinant LTR-lacZ gene was analysed further. RS 3/7 cells expressed high levels of f3-galactosidase in response to co-transfection with plasmids expressing the HIV-1 transactivator, tat, infection with low multiplicities of herpes simplex virus type 1 (HSV-1), transfection with a plasmid expressing the HSV-1 immediate-early (IE) protein, ICPO,and by incubation with medium containing sodium butyrate. f3-galactosidase activity was also induced by incubation of RS 3/7 cells with medium containing full length tat polypeptide. The cysteine analogue, D-penicillamine, previously reported as a potent inhibitor of tat-mediated transactivation (Chandra et al., 1988) , was of limited efficacy in RS 3/7 cells transfected with tat-expressing plasmids. This cell line will be of value in identifying additional transactivators of the HIV-1 LTR, and in the selection of inhibitors of such effectors.
Introduction
Replication of the human immunodeficiency virus (HIV), like all retroviruses, includes a proviral stage, whereby a double-stranded cDNA, copied by reverse transcription from the positive-strand RNA genome, integrates into the genome of the host cell (Haseltine, 1988; Varmus, 1988) . The proviral coding sequences are flanked by duplicated sequences called long terminal repeats (LTR) which, although of identical sequence, serve different purposes. The 5' LTR is used as a transcription promoter, whereas the 3' LTR is used for transcription termination (Rosen et al., 1985; Bohnlein et aI., 1989) . The promoter in the 5' LTR contains sequence elements which respond to a variety of stimuli, including tumour promoters and T-cell mitogens, infection with herpesviruses, herpesviral immediate-early (IE) proteins, UV irradiation, and various chemical agents (reviewed by Varmus, 1988; Rosenberg and Fauci, 1989) . Although there are at least five elements (NRE, Enhancer, Sp1, TATA, TAR) in the LTR bound by cellular factors (reviewed by Varmus, 1988; Cullen and Green, 1989 ), a key element for the activation by these heterologous effectors appears to be the enhancer (B-motif; NFkB) element (Nabel and Baltimore, 1987; Rosenberg and Fauci, 1989) . Thus, a number of stimuli, separately or in combination, produce very high levels of expression from the HIV LTR.
In addition, two HIV-encoded transactivators recognize elements in the HIV LTR. The negative factor, nef(3' ORF; ORF-B), suppresses transcription via a region of the LTR (-338 to -156) that includes the negative response element (NRE) at -173 to -159 (Ahmad and Venkatesan, 1988; Neiderman et al., 1989) . The TAR region in the non-translated leader (+ 1 to +48) is the target for transactivation by HIV tat via a mechanism that recognizes nascent TAR RNA, prevents premature transcription termination, and may involve direct binding of tat or cellular protein (Berkhout et al., 1989; Dingwall et al., 1989; Gaynor et al., 1989; Gatignol et al., 1989; Kao et al., 1987; Rice and Matthews, 1988; Selby et al., 1989) . The bimodal effects of tat on gene expression, at the transcriptional and post-transcriptional level (Cullen, 1986; Muesing et al., 1987) , preclude development of a definitive in vitro assay, and as such tat activity is measured in transient transfection-based assays.
Since the level of proviral expression from the LTR relates to the status of HIV infection, in terms of latency, persistence, or acute replication (Fauci, 1988; Varmus, - Rosenberg and Fauci, 1989) , then the characterization of events or factors that perturb the level of expression in a positive or negative manner may provide some information towards management of HIV infection. Bioassays for HIV-1 based on transactivation of cell lines (Felber and Pavlakis, 1988) or by infection with recombinant HIV (Terwilliger et al., 1989) have been established, based on the expression of the prokaryotic enzyme chloramphenicol acetyl transferase (CA1) (Gorman, 1985) . However, measurement of the prokaryotic marker enzyme [3-galactosidase is more rapid, is equally sensitive to, but more convenient than, measurement of CAT levels, and commands a greater number .of potential substrates (Miller, 1972; Gorman, 1985; BMBiochemica, 1987) . Thus, cell lines were prepared that produce [3-galactosidase in response to transactivation of the HIV-1 LTR linked to the Escherichia coli lacZ gene. Preliminary characterization and utilization of these cell lines to examine the potential of one reported tat inhibitor, D-penicillamine, is described in this report.
Results

Construction of target and effector plasmids
A number of important regulatory elements in the HIV-1 LTR (Enhancer, Sp1, TATA and TAR) have been well characterized (see the Introduction), and so these elements were included in the promoter fragment cloned upstream of the lacZ gene (Fig. 1a ).The TAR element is the target for tat-mediated transactivation, and so inclusion of this element should confer tat-responsive induction of [3-galactosidase activity. Tat was expressed from genomic copies of the tat open reading frames which are separated by a 2.4 kbp intron in the proviral genome ( Fig.  1b ), by cloning downstream of 'strong' eukaryotic transcription signals located in the human cytomegalovirus (HCMV) IE promoter (pHD101tat) or the Rous sarcoma virus (RSV) LTR (pRSVtat) (Fig. 1c ). The plasmids pHD101tat and pRSVtat are able to express only the tat gene product, whereas pRSVtat/rev and pRSVtatirev dB should express both tat and rev (Haseltine, 1988; Varmus, to give the largest fold-induction (200 x), the constitutive activity was too low to derive a reliable basal level reading. The low levels of [3-galactosidase induced by tat in HeLa and Flow 4000 cells reflect poor transfection efficiencies, which were approximately fivefold lower than the transfection efficiency of RS cells, as measured by Southern blotting (data not shown). Since RS cells took up CaP0 4-DNA co-precipitates most efficiently and appeared to support a higher transresponse to tat, it was decided to prepare transformed RS cell clones that contained the HIV LTR-lacZ recombinant gene. The presence of multiple copies ofthe HIV LTR-lacZ in a cloned RS cell population would increase the levels of tat-induced [3-galactosidase expression, and thus make quantification of inhibitors more reliable. Therefore, stably transformed RS cell lines which harboured multiple copies of the HIV LTR-lacZ gene were prepared, by co-selection for pSV2neo-mediated G418 resistance. Nine independent G418' colonies were tested for their ability to express [3-galactosidase in response to transfection with pHD101tat, compared to transfection with either pBR322 or pRSVCAT. Three clones, RS 3/5, RS 3/7 and RS 4/2, gave substantially higher levels of [3-galactosidase after transfection with pHD101tat than the six other clones (Fig. 3) .
Initially, DNA was prepared from all nine cell clones with no attempt at quantification of the LTR-lacZ copy number cell-1 (Fig. 4a ), but a rabbit [3-globin probe was used as an approximate internal measure of the quantity of total cell 
Cell lines and regime
Although the precise mechanism of tat transactivation has yet to be established, the likely involvement of host factors in the augmentation of this response (seethe Introduction) prompted examination of a number of cell lines for their relative ability to support transresponsiveness of the LTR to tat. Thus CaPOcLTR-lacZ DNA cocktails, with or without pRSVtat, were transfected in duplicate into five adherent cell lines -human cells (Flow 4000, MRC-5, HeLa); simian cells (CV-1), and leporid cells (RS) -and extracts were prepared for [3-galactosidase assays 48 h later (Fig. 2) . RS cells gave the highest relative levels of [3-galactosidase activity (112 u mg-1 protein), but the constitutive levels of [3-galactosidase in RS cells (4.9u mg-1 ) were comparable to levels in CV-1 cells and MRC-5 cells (3.7 and 3.3 u mg-1 , respectively), suggesting that RS cells are able to support significantly higher levels of transactivation by tat. This was confirmed by Southern blotting, which showed that the levels of lacZ and tat DNA in CV-1, MRC-5 1 and RS cells were comparable (data not shown), suggesting that differences in tat response, as measured by [3-galactosidase expression, are a reflection of biochemical differences in these cell lines rather than experimental differences. Although HeLa cells appeared
Transient induction of [3-galactosidase activity in adherent mammalian eel/ lines
1988). Deletion of the 580 bp 8g111 in the intron of tat and rev does not affect the cis-acting response (CAR) sequences but does remove some 51 cis-acting repression sequence (CRS) signals (Haseltine, 1988; Cullen and Greene, 1989 ). Total cell DNA was prepared from nine expanded G418' colonies and digested with HindJlI and EcaRJ. Digests were electrophoresed in 0.8% agarose gels, transferred to nitrocellulose membranes, and hybridized to pooled radioactive probes specific for the lacZ gene, the ned (G4181 gene and the rabbit l3-globin gene. A known quantity (0.1ng) of lacZ, nea or rabbit l3-globin DNA was added to RS cell DNA and run as a hybridization marker. Phage lambda DNA digested with Hindlll was run as a molecular weight marker (black Jineson left of figure) . The location of the 3174bp lacZ HindllJ/Eca I fragment is indicated. (b) Approximately 10 5 cell equivalents of total cell DNA were prepared in duplicate from lacZ+ cell clones, digested with HindlJl, transferred to nitrocellulose, and hybridized with a lacZ-specific probe. The lacZ gene copy number in each lacZ+ clone was calculated from the copy number reconstructions shown on the left of the figure, and is indicated above the corresponding lane. 
0:: 0:: 0:: 0:: 0:: 0:: 0:: 0:: DNA used for each cell line. The three cell lines with highest constitutive 13-galactosidase expression, RS 3/5, RS 3/7 and RS 4/2, also had the highest copy number relative to rabbit 13-globin ( Fig. 4a ), although several other lines also contained lacZ sequences. The fragment for neo could not be resolved from the lacZ fragment, which appears to indicate either co-integration or close physical association of the two plasmids in the genomic DNA of these lines. DNA was then prepared from 10 5 cells from clones RS 3/7, RS 4/1, RS 4/2 and RS 3/5, and Southern blotted together with copy number reconstructions (Fig.  4b ). The lacZ copy numbers correlated well with the constitutive levels of 13-galactosidase expressed in these cell lines. For example, RS 3/7 cells with 40 copies per cell had a basal p-qalactosldase activity of 0.9 u mq", and RS 4/2 cells with 200 copies per cell had a basal 13-galactosidase activity of 1.8. However, the level of tat-induced 13-galactosidase activity in RS 3/7 cells (10.4u mg-1 ) was greater than RS 4/2 cells (9.3u rnq"), although this latter clone had a fivefold higher lacZ copy number. The level of tat-induced 13-galactosidase activity in RS 3/7 cells was similarto RS 3/5 cells (13.1 u rnq"'), which had a sevenfold higher copy number. Since RS 3/7 cells exhibited the best differential trans-response, they were used for further studies on transactivation of the HIV-1 LTR.
RS
Restriction enzyme digestion of the transformed cell DNA with Hindlll, which has only one site in pHIV LTR (-122/+ 80)-lacZ (Fig.4b) , gave linear plasmid sequences with molecular weights indistinguishable from the input plasmid used as standard, pHIV LTR(-122/+80)-lacZ, indicating that the plasmids in the cell lines had formed head-to-tail concatemers, apparently during integration. To characterize the structure of the LTR lacZ gene in RS 3/7 cells, total cell DNA was prepared and digested with a variety of restriction enzymes which cleave the LTR-lacZ plasmid at well-separated sites (Fig. 5a ). Each digest was divided and used to prepare two Southern blots. One blot was probed with a200bp Hindi II/Sail HIV-1 LTRfragment (r) and the other was probed with a lacZ EcoRV/Hindlli fragment (b) (Fig. 5a ). Superimposition of the two resulting autoradiograms clearly showed that the linkage between the LTR and adjacent lacZ sequences was maintained in RS 3/7 genomic DNA (Fig. 5b) . The linkage was disrupted by digestion with the restriction enzyme Hindlll (Fig. 5b ; compare lanes Ec/Xb with H3/Xb). This result, and also the sizes of fragments produced by the array of enzymes used (Fig. 5b) , shows that the predominant concatenated species had not undergone any gross rearrangement in structure, relative to the expected, input plasmid structure. This is consistent with tat responsiveness of 13-galactosidase expression in RS 3/7 cells.
o-penicillamine is not an effective inhibitor of tatmediated transactivation in RS 3n cells
The discovery of antiviral agents with activity against novel targets is of importance for treatment of HIV-associated disease and acquired immune deficiency virus (AIDS),and IC50 of approximately 3-1 0 j.Lg mr' reported for D-penicillamine against replication of HIV-1 (Chandra and Sarin, 1986) , and suggested that the antiviral effect of D-penicillamine was due primarily to inhibition of tat function. Therefore, cultures of RS 3/7 cells were transfected with either 2 j.Lg or 10 j.Lg of pRSVtat, and then incubated with increasing concentrations of D-penicillamine (2-100 j.L rnr ') in an attempt to reproduce previous observations. However, while there was some gradual decrease in transactivation with increasing D-penicillamine in cells receiving 2 j.Lg of tat-expressing plasmid, the apparent IC 50 for this effect was about 100j.Lg mr' (Fig. 6) .
Similarly, in cells receiving 10 j.Lg of pRSVtat, the effect of penicillamine was not manifest until medium' concentrations of 100 j.Lg rnr', Thus, D-penicillamine is not as potent an inhibitor of tat transactivation as previously reported (Chandra et aI., 1988 so the discovery of an apparent interference with tat transactivation by the cysteine analogue, D-penicillamine, at an ICgo of 10 j.Lg mr:' (Chandra et aI., 1988) provided some hope in this respect. This ICgo was very close to the investigated. Incubation of cells with medium concentrations of 50 mMand 5 mMsodium butyrate gave an increase in !'I-galactosidase activities of 1000-fold and 300-fold, respectively (Fig. 8a) , in agreement with previous observations (Bohan et al., 1987) . Two other chemical agents, 5-azacytidine, which blocks DNA methylation, and mytomycin C, an anti-tumour agent that inhibits DNA synthesis (Dawson et sl., 1987) , both had a very moderate effect on !'I-galactosidase levels (data not shown) that was significantly less than reported by others (Bednarik et aI., 1987; Valerie et al., 1988) . In addition, tetradecanoyl phorbol acetate (TPA) did not induce !'I-galactosidase activity in RS 3/7 cells (Fig. 8b) , although the combination of TPA and phytohaemagglutinin has yet to be tested in RS 3/7 cells. Irradiation of RS 3/7 cells with 256 nm wavelength UV light for 3h also failed to induce !'I-galactosidase activity. Addition of full length tat protein (amino acids 1-86) to the culture medium at a concentration of 2 fLM and 10 fLM, during scraping of the cell monolayer, also resulted in the induction of !'I-galactosidase expression ( Fig. 8b) . Identical concentrations of a short polypeptide encoding amino Reagents and cone.
The effect of various chemical inducers on the level of !'I-galactosidase expressed by RS 3/7 cell was also This response could be detected as early as 6h postinfection, suggesting that transactivation of the LTR was mediated by an early event.
For the human herpesviruses, HSV, varicella-zoster virus ryZV), HCMV and Epstein-Barr virus (EBV), IE gene products have been implicated in the transactivation of the HIV-1 LTR (Rosenberg and Fauci, 1989) . Therefore, the contribution of the HSV-1 IE gene products ICP4, ICPO and ICP27, all three of which are transregulators of HSV-1 gene expression (Sekulovich et al., 1989) , to HSV-1 transactivation of RS 3/7 cell was analysed. Transfection of RS 3/7 cells with plasmids that express ICP4 alone or ICP27 alone gave only a moderate stimulation of !'I-galactosidase expression ( Fig. 7b ), whereas transfection with an ICPO-expressing plasmid induced !'I-galactosidase expression by more than 40~fold.
Extracellular factors, including HIV-1 tat protein, transactivate production of f3-galactosidase from the HIV LTR acids 37 to 72 of tat did not result in the same level of transactivation of the HIV LTR (Fig. 8b) . However, incubation of RS 3/7 cells with tat 37-72 at a concentration of 200 fLM did result in a substantial transactivation of the LTR (data not shown). This differs from the observations of Green and Lowenstein (1988) , who suqqestedthat amino acids 37-72 were as effective as full-length tat in the induction of integrated HIV LTR sequences.
Discussion
Transactivation of the LTR adjacent to the integrated HIV provirus in latently or persistently infected cells presumably contributes to reactivation or elevation of virus production, respectively, and may determine the onset of disease (Rosenberg and Fauci, 1989) . Thus RS 3/7 cells should be of value in identifying novel transactivators, analysing the mechanisms of transactivation, and developing inhibitory agents with some efficacy against HIVreplication. Preliminary studies with RS3/7 cells in this communication illustrate these points.
One of the first novel inhibitors of HIV replication appeared to be the cysteine analogue o-penicillamine, which was reported to prevent HIV replication by interfering with tat-mediated transactivation (Chandra and Sarin, 1986; Chandra et el., 1988) . However, the efficacy of o-penicillamine may be limited since we find that it has an IC so of around 100fL9 mr' against tat-mediated transactivation of l3-galactosidase expression. This observation agrees with findings that in several types of HIV replication assays, o-penicillamine has shown little or no effect (M. St Clair, personal communication; E. deClercq, personal communication). Current studies on interference of tat transactivation, using RS 3/7 cells, involve two approaches. Firstly, RS3/7 cells produce [3-galactosidase in response to tat protein added 'to the tissue culture medium at 2-10 fLM and also to higher concentrations (100fLM) of a synthetic tat peptide (amino acids 38-72) (Fig.8b) .Although the level of transactivation is considerably less than reported by others (Green and Lowenstein, 1988; Frankel and Pabo, 1988; Gentz et aI., 1989) , a number of variables are being examined to enhance the efficacy of this approach. A number of inhibitors of tat protein function will be studied using purified protein and active peptides. Secondly, the ability of phosphorothioate anti-sense oligonucleotides, previously shown to be specific inhibitors of HIV replication through anti-sense interference with the rev gene product (Matsukura et aI., 1989) , are being studied usinq plasmid and recombinant viral vectors which express tat from the genomic, bipartite reading frames.
The studies reported here also demonstrate that the HSV-1 IE protein, ICPO, is a potent transactivator of integrated HIV-1 LTR sequences, and confirms a number of previous studies that concluded similarly Nabel et aI., 1988) . It has been suggested that ICPO mediates it transactivation response through the enhancerlSp1 region of the LTR (-108 to -34; , which is consistent with a report showing that HSV-1 infection induces NFkB activity (Gimble et et., 1988) , leading to the conclusion that ICPO induces NFkB. However, we find that ICPO transactivates HIV-1 LTR sequences lacking the enhancer region as effectively as it 'transactivates the wild-type LTR (E. D. Blair, unpublished data) , as reported by Nabel et al. (1988) , suggesting that more than one transcription factor is involved.
Sodium butyrate was also found to be a potent transactivator of the HIV-1 LTR in RS 3/7 cells, but a number of other agents, including TPA, which has previously been shown to transactivate the HIV LTR, failed to do so in this system. Although a number of reports suggest that the NFkB/enhancer element is the target for TPA induction (Nabel and Baltimore, 1987; Tong-Starksen et aI., 1987) , other sequence elements in the LTR (-278 to -117) , which are absent from the -122 to +80 LTR fragment in RS 3/7 cells, appear to contribute to TPA induction (Siekevitz et a/., 1987) . It may be that sequences upstream of -122 in the HIV LTR will prove to be more important for TPA activation in RS 3/7 cells, and this is under investigation with plasmids containing larger segments of the LTR. However, the ineffectivenss of TPA may also indicate that the levels of NFkB, or another TPA-responsive transcription factor binding in the -122 to +80 region of the LTR, may be constitutively elevated in RS cells. In this respect, an LTR mutant lacking the enhancer repeats was significantly less active in RS cells than the wild-type LTR (E. D. Blair, data not shown).
Some applications for the RS3/7 indicator cel,lline have been described in this communication, and others have been alluded to. Realization of the full potential of this cell line, as an indicator of the mechanisms that regulate transactivation of the HIV LTR and also detection of inhibitors of transactivation by such effectors, will facilitate a greater understanding of the molecular pathogenesis of HIVinfection and of methods of controlling it. Such studies may well relate to the molecular events that precede or are involved in the clinical manifestations of AIDS (Rosenberg and Fauci, 1989) .
Materials and experimental procedures
Cells and viruses
Rabbit skin (RS) cells, African green monkey kidney (CV-1) cells, and human cervical cancer (HeLa) cells were grown in the Glasgow modification of Eagle's MEM (GMEM) (Gibco, UK) containing 8% new born calf serum. Human diploid fibroblast cells -MRC-5 and Flow 4000 -were grown in GMEM containing 10% fetal calf serum. Herpes simplex virus type 1 (HSV-1), strain KOS, was grown and titred in RS cells.
Drugs and inhibitors
Geneticin (G418) was obtained from Gibco and was dissolved at 100mg rnr" in 10mMTris-HC1/1mMEDTA,pH 7.8 (TE). a-Penicillamine was obtained from Sigma (Poole, UK) and was dissolved in TE at 10mg rnr" (100 x stock). Tetradeconyl phorbol acetate (TPA)was obtained from Sigma and was prepared at 10 fL9 ml-1 in sterile dimethyl sulphoxide (DMSO). Sodium butyrate, mitomycin C and azacytidine, all from Sigma, were dissolved in TE at concentrations of 1 M, 10mg mr ', and 0.5M, respectively.
Plasmids
HIV LTR sequences and'genomic' copies ofthe tat and rev genes were subcloned from the infectious HIV-1 clone pHXB2-D, supplied by Dr L. Ratner. The Eco RV site at~122, relative to the major HIV mRNA capsite, was converted to a Sail site, using Sail oligonucleotide linkers (New England Biolabs), and the LTR sequences from -122 to +80 were cloned as a SalllHindlll fragment into the Sa/llHindli1 sites of the l3-galactosidase eukaryotic expression plasmid, pSVOd-lacZ (Snowden et el., 1988) , giving HIV LTR (-1201+80)-lacZ (see Fig. 1a ). The tat and rev genes were cloned into pRSVCAT (Xhol), a derivative of pRSV-CAT (Gorman, 1985) in which the Nco I site in the CAT gene sequence was converted to a Xhol site using oligonucleotide linkers, as follows. pHXB2-D was digested with SaIl, treated with Alul methylase (which methylates cytosine bases in the sequence AGCT and consequently prevents Hindlll cleavage at AAGmCTT within the infectious clone), ligated with Hindlll linkers and then digested with Hindlll and Xhol. The 3142bp HindllllXho I fragment containing the tat and rev genes, which has two internal Hindlll sites (Fig. 1b) , was cloned into Hindlll-and Xhol-digested pRSVCAT(Xhol), replacing the N-terminal600 bp ofthe CAT gene with HIV sequences to give pRSVtatirev. Cleavage of pRSVtatirev with BglII followed by self-ligation gave rise to a derivative vector lacking the 580 bp BglII fragment within the tatlrevintron (Fig. 1b) , called pRSVtatirev dB. The env open reading frame (ORF) in this vector is truncated to 33% of the wild-type gene. A second derivative, pRSVtat, was prepared by replacing the large BamHI fragment of pRSVtatirev, which contains the rev second exon, the C-terminus of the remainder of the CAT gene, and SV40 splice and polyA signals, with a 232 bp BamHI/Bc/1 fragment containing only the SV40 polyA signal sequences in the sense orientation. An additional tat expression vector, pHD101tat, which contains the same Sail to Bam HI fragment as pRSVtat, was provided by Dr M. Davis (Davis et al., 1987) . The G418 resistance vector, pSV2neo (Southern and Berg, 1982) was provided by Dr B. Larder, and plasmid expressing the HSV IE gene products ICP4 (pSG28 KlB), ICPO (pRS-1) and ICP27 (pSG130 B/S) were provided by Dr R.
Sandri-Goldin (Sekulovich et aI., 1989) . All plasmids were prepared as Form I (supercoiled) DNA by centrifugation on caesium chloride/ethidium bromide equilibrium gradients.
DNA transfection, f3-galactosidase assays and Southern blotting
Supercoiled plasmids were transfected into 80% confluent cells as calcium phosphate co-precipitates, as described previously (Blair et al., 1987) . Forty-elqht hours post-transfection, soluble cell extracts for l3-galactosidase assays were prepared from transfected cells, as follows. Cells were harvested, by scraping the plates with rubber policemen, and washed twice with phosphate-buffered saline (PBS) at room temperature. The washed cell pellet was resuspended in 150 u] of lysis buffer (10mM Tris-HCI; 1 mM EDTA pH 7.4; 0.25M sucrose; 0.1% Nonidet P-40 (NP-40)) and 50 fLl were taken, digested with proteinase K and used to prepare DNA for Southern blotting. Soluble extracts were prepared from the remaining 100 fLl of cell suspension by three rounds of freeze-thawing, followed by clarification in a microcentrifuge at +4°C for 15 min. Fifty microlitres of the soluble extract were added to 150fLi of 1 x Z Buffer (Miller, 1972) and then incubated with 40fLi of 4mg rnr ' O-nitrophenyll3-galactoside at 30°C for 30 min to detect l3-galactosidase expression. The reaction was stopped by addition of 100 fLl of 1MNa2C03 and then the E414 was read in 96-well plates with a Titertek Multiscan spectrophotometer. The protein content of extracts was determined using the BioRad (Richmond, USA) protein assay reagent with bovine serum albumin as a standard. l3-galactosidase-specific activities were calculated using the following formula [(E 4 1¥0.0045) x 0.35]/[time (min) x protein (mg)] (Analects, 1987; Snowden et al., 1988) .
For Southern blotting, genomic DNA was prepared, digested with the appropriate restriction enzymes and transferred from agarose gels to nitrocellulose by diffusion, as described previously (Blair et al., 1987) . Probe DNA was radiolabelled using random primed incorporation of a_ 32p dCTP as described by the supplier (Boehringer Mannheim, FRG) . The lacZ-specific probe was the 1590 bp Hindlll to Eco RVfragment from pSVOd/acZ; the LTR-specific probe was the 200 bp Sail to Hindlll fragment from HIV LTR(-1201+80)-lacZ; the neo-specific probe was the 915 bp Hindlll to Nco I fragment from pSV2neo; and the rabbit l3-globinspecific probe was the 1125bp Hindlll to EcoHI fragment from VP5-rI3G (E. D. Blair, unpublished data).
